T he National Institute for Occupational Safety and Health (N IO SH) developed the Work Practices Guide for Manual Lifting in 1981 to assist safety and health practitioners in evaluating lifting and lowering jobs in the sagittal plane (USDHHS, 1981) . Because the 1981 equation could only be applied to a limited number of lifting jobs, it was revised in 1991.
The 1991 lifting equation reflects new findings, provides procedures for evaluating asymmetrical lifting jobs and objects with different types of hand-container couplings, and offers new procedures for evaluating a large range of work durations and lifting frequencies. The objective is to prevent or reduce the occurrence of lifting and lowering overexertion injuries and low back pain among workers. 
ABOUT

RECOMMENDED WEIGHT LIMIT (RWL)
The RWL for a task represents a load value that nearly all healthy male workers and at least 75% of female workers could perform for up to 8 hours without increased risk of developing an overexertion injury or lifting related low back pain.
The RWL is based on multipliers that provide penalties for each of six task variables: horizontal location (H), vertical location (V), travel distance (D), asymmetrical angle (A), couplings (C), and lifting frequency (L). The penalties act to decrease the RWL. Load constant (LC) represents the maximum recommended load weight to be lifted or lowered under ideal lifting conditions. RWL is computed with the equation:
APRIL 1995, VOL. 43, NO.4 211 Table 1 ) PM = Frequency Multiplier (from Table 2) Each multiplier should be computed from the appropriate formula . It should be noted that because the six multipliers are penalties, their value can never exceed 1.0. Therefore, under ideal lifting conditions (i.e., when the value of all multipliers equals 1.0), the maximum RWL is equal to LC or 51 lbs. As one deviates from ideal lifting conditions, one or more multipliers will be less than 1.0 and the RWL will be less than 5llbs. If one of the six multipliers equals zero, the RWL will also be zero. In this case, no manual lifting is recommended regardless of the weight of the load.
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The LI is a term that provides an estimate of the level of physical stress associated with a particular manual lifting task. The estimate of the level of physical stress is defined as the ratio of the weight of the load to be lifted (lbs.) to the RWL (lbs.) The LI is computed with the following equation (Waters, 1994) :
RWL (lbs .)
A LI of 1.0 or less than 1.0 implies that the job is safe. The lower the LI, the safer the job is. For example, a LI of 0.7 is safer than a LI of 1.0. If the LI is greater than 1.0, the job would be unsafe for some workers. The higher the LI, the more unsafe the job. Therefore, LI can be used as a criterion to prioritize jobs for ergonomic improvements.
It should be noted that the relationship between LI and risk of overexertion injury is not linear (Garg, 1993) ; i.e., ajob with a LI of 3.0 is not twice as hazardous as a job with the LI of 1.5. It simply means that the job with the LI of 3.0 is more hazardous than the job with the LI of 1.5.
Computer programs are available for computing the six multipliers, RWL, andLI. 
EFINITIONS AND MEASUREMENTS
The following definitions are useful in measuring the task variables, computing the multipliers and applying the Revised NIOSH Lifting Equation.
Lifting Task is the act of grasping an object of definable size and weight with two hands and vertically moving the object without mechanical assistance.
Load Weight is the weight in pounds of the object and container to be lifted or lowered.
Horizontal Location (H) and Horizontal Multiplier (HM). H is the distance in inches of the hands away from the midpoint between the ankles. It can be measured from the midpoint of the line joining the outer ankle bones to a point projected on the floor directly below the midpoint of the hand grasps as defined by the large middle knuckle of the hand (see Figure 1 ). Alternatively, it can be determined by measuring the horizontal distance of the right hand from the right ankle, left hand from the left ankle, and then taking the average of the two distances.
H must be accurately measured because it has a significant effect on the RWL. If measured H is less than CE ART I C L E Travel Distance (D) and Distance Multiplier (DM). D is defined as the vertical travel distance of the hands between the origin of the lift and the highest point during the lift, which is often the end point or destination. For lifting, D can also be computed by subtracting the V at the origin of the lift from the corresponding V at the destination of the lift. For a lowering task D is equal to V at the origin minus V at the destination.
The range for D is assumed to be at least 10" and no greater than 70". If the vertical travel distance is less than 10", use 10" as the value of D to compute the DM. If D is more than 70", DM is set to zero and no lifting is allowed.
Asymmetric Angle (A) and Asymmetrical Multiplier (AM). Asymmetry refers to a lift that begins or ends outside the midsagittal plane or neutral body position, i.e, lifts that include twisting of the legs, torso or shoulders (Figure 2) . The A in degrees is defined as the angle between the asymmetry line and the midsagittal line. The asymmetry line is defined as the line joining the midpoint The range for A is between 0°and 135°. The AM has a maximum value of 1.0 when A is 0°; i.e., the load is lifted directly in front of the body. If A is greater than 135°, then the AM is set to zero and no liftingis permitted.
Couplings (C) and Couplings Multiplier (CM). The nature of the hand to object interface or gripping method is defined as coupling. The couplings are classified as good, fair, or poor. A container with goodcouplings is one that has optimum design (length :,;;;; 16" and height ss 12") and has good handles or hand hold cutouts. Easy to handle loose parts and objects with wrap around grasp without excessive wrist deviation are also classified as good couplings. A container with fair couplings is of optimum design but has poor handles. Objects of optimum design but without handles are also classified as having fair couplings if fingers can be flexed by 90°.
The following objects are classified as having poor couplings: containers of less than optimum design, Garg, 19931 0", use 10" to compute the HM, Le., HM =10/10 = 1.0. The upper limit of H is 25". If the job requires reaching more than 25", the HM is automatically set to zero. The resulting RWL in this situation is zero and no lifting is permitted.
Vertical Location (V) and Vertical Multiplier (VM) . V is defined as the vertical height of the hands above the floor in inches. V is measured vertically from the floor to the midpoint between the hand grasps as defined by the large middle knuckle (Figure 1) . Alternatively, V can be measured for right and left hands and the average of the two heights can be used as V.
The range for V is between 0 (floor level) and 70". No lifting is allowed when objects are below the level of the feet or greater than 70" above the level of the floor. The VM is computed with the formula 1 -.0075 X (V -30) A height of 30" above floor level is Waters, 1994d ifficult to handle parts , bags that sag in the middle, objects with slightly asymmetric center of mass , objects with unstable contents, hard to grasp objects, or objects that require the use of gloves.
Based on C classification and vertical location of the grasp, the CM is determined from Table 1 .
Frequency (F) and Frequency Multiplier (FM). Frequency is defined as the number of lifts per min-APRIL 1995, VOL. 43, NO.4 ute. In situations where F changes with time , F should be averaged over a 1"5 minute duration; i.e., count the number of lifts made over a 15 minute period and divide by 15. The range for F is from 0.2 (i.e ., 1 lift every 5 minutes) to 15 lifts/minute. If lifting occurs less often than once every 5 minutes, 0.2 is used as the value of F for computing the FM. The maximum allowable frequency depends on vertical location of lifting and continuous duration of lifting . If the lifting begins from a height < 30" from the floor, maximum allowable frequencies are 12, 10, and 8 lifts! minute for durations of continuous lifting of 1, 2, and 8 hours respectively. If lifting begins from a height of 30" or higher, maximum allowable frequencies are 15, 12, and 10 lifts! minute for durations of continuous lifting of 1, 2, and 8 hours.
Duration of continuous lifting is 
REST ALLOWANCES
Depending on duration of continuous lifting, the following rest allowances are required. For duration of continuous lifting up to I hour, Rest TIlDe = 1.2 X work time For duration of continuous lifting up to 2 hours, Rest Time = 0.3 X work time For duration of continuous lifting up to 8 hours, no additional rest allowance is recommended other than normal breaks (mid morning, lunch, mid afternoon).
Rest time does not mean that the worker has to be idle. Light work such as assembly in a seated posture, inspection, or work in front of a VDT
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It is of interest that greater rest time is recommended for shorter lifting durations than for longer durations. A worker is allowed to lift much greater weight for 1 hour than for 8 hours. Thus, a task that is unsafe for 8 hours may be safe for 2 hours or 1 hour.
ORIGIN AND DESTINATION ANALYSIS
All measurements for task variables are made at the origin of the lifting or lowering task. However, in some cases it is more difficult to set the loaddown than to pick it up. In these situations, use the following procedure to calculate the RWL:
1. Compute the RWLs at both the origin and destination . 2 . Use ·the lower of the two computations as the RWL. Both the origin and destination analysis is required if the worker has to: a) regrasp the load near the destination ; b) momentarily hold the object at the destination; or c) position or guide the load at the destination.
MULTIPLE TASKANALYSIS
A job is classified a multiple task if one or more of the six task variables is different in various lifts performed by the worker. This may happen if a worker is required to lift different products or the location of a product changes with lifts. A complex procedure must be used to analyze these tasks (Waters, 1994) .
Application to Simple Task Analysis
Consider a job called loading punch press stock. The job requires loading a supply reel into a machine (Figure 3 ). The job is performed once per shift. The supply reel weighs 44 lbs. The job will be analyzed both at the origin and destination because loading the supply requires controlling and . guiding the reel into the machine . Task variable and corresponding multipliers are shown in Tables 3 and 4. The RWL and LI are computed as: RWL = 14.1lbs. Ll = 44 = 3.12 14.1 A LI of 3.12 implies that the job is very unsafe.
CONCLUSION
In summary, this article describes the formulas and variables used in the Revised NIaSH Equation for Manual Lifting. While the equation does not account for a number of environmental factors, it is useful in analyzing the safety of lifting tasks in the workplace.
